[1]Dimethylsilaferrocenophane 1 and ([1]3-chloropropyl)methylsilaferrocenophane 2 were synthesized according to published procedures. 1 
Devices and instruments
The microelectrode array, MEA, biochips used in this experiment were MEA 60-200Au (Qwane Biosciences SA, Switzerland) characterized by 60 plain gold electrodes, each with 40 μm diameter, a center-to-center spacing of 200 μm, with an insulator layer of SU-8 with a thickness of 0.7 µm, and an impedance of 700-900 kΩ positioned on a transparent 10 mm x 10 mm glass chip. The MEA chip had dimensions of 49 mm x 49 mm x 1 mm in PCB base material with Au contact pads. A schematic illustration of the MEA chip design is shown in Figure S8 . The Au contact pads are used for connecting the MEA to the Autolab PGSTAT 10 electrochemical workstation (Ecochemie, Utrecht, the Netherlands) through a MEA 1060-inv-BC (Multi-Channel Systems). The supporting plastic ring has an inner diameter of 26.5 mm, an outer diameter of 30 mm and a height of 6 mm. Fourier transform infrared spectra were collected with a Bruker ALPHA single attenuated total reflection (ATR-FTIR) spectrometer equipped with an ATR single reflection crystal (Bruker Optik GmbH, Ettlingen, Germany) and a Bruker Vertex V70 equipped with an Hyperion 2000 infrared microscope (utilizing a 15x magnification objective) and a Mid-band MCT detector (liquid N2 cooled with preamplifier, 12000-600 cm −1 ). The spectra were collected in the range of 4000-400 cm −1 with a spectral resolution of 4 cm −1 employing at least 128 scans. Background spectra were recorded against air. 1 H and 13 C NMR spectra were obtained on a Bruker Avance III 400 MHz instrument at 400.1 and 100.6 MHz, respectively. 1 H and 13 C chemical shifts were based on the solvent residual signals. GPC measurements were performed using ultrastyragel columns with pore sizes of 10 5 , 10 4 , 10 3 and 500 Å (Waters), equipped with a guard column of 500 Å, a 515 pump (Waters), a 1050 injector (Agilent) and a 2414 differential refractometer (Waters). All sample solutions were prepared at a concentration of 5 mg/mL and filtered through a 0.45 μm PTFE filter prior to a GPC 
Formulation and characterization of the redox stimuli-responsive PFS-based inks
Appropriate formulation of the functional ink materials will lead to a stable, wellcontrolled and repeatable inkjet process. Important physical properties of the inkjet inks include viscosity, density, and surface tension since they affect the droplet formation, the repeatability, and the accuracy of the inkjet deposition process. 3-5 PFS 5 was dissolved in toluene at different concentrations, including 2.5, 5 and 10 wt%; corresponding solutions were named as "ink A", "ink B" and "ink C", respectively. The physical and chemical properties of the inks are summarized in Table S1 . a: pendant drop, b: steady-shear rate sweep via rotational viscometry and c: for the evaluation of Re, We and Oh the following was considered: v is the velocity of the drop (5 m s −1 ), a is the diameter of the nozzle, ρ is the density of the fluid, η is the viscosity and γ is the surface tension. In addition, the drop diameter was 20 µm.
The steady-shear viscosity of the inks was evaluated using steady-shear rate sweep measurements aiming to simulate the piezo inkjet printing process. 6 The measurements were performed at 20 °C (controlled by a Peltier temperature controller) using an MP31 spindle (a plain plate with a diameter of 50 mm). Prior to performing the flow measurements, the gap (set at 500 μm) was filled with 1 mL of the ink solutions and the solution was then stabilized via a pre-shear step of 0.5 min. The Considering these physical parameters, "ink B" and "ink C" could be easily printable, while the use of "ink A", due to the low viscosity, could result in the formation of undesired satellite drops. However, the optimization of the printing conditions must be experimentally verified and tested through the evaluation of the droplet formation as a function of the inkjet printing conditions. In practice, it turned out that "ink A" was the best compromise between printability, optimization of the formulation and quality of the redox-active coatings produced.
The droplet formation of the inks was investigated as a function of delay time. The drops were generated in the continuous inkjet, CIJ, printing mode and analyzed with the PIDRO Advanced Drop Analysis software (ADA, PixDro, Meyer Burger, the Netherlands). High-speed images of the drops were recorded and used to evaluate the speed of the drop, the drop volume, and the jet direction, as is shown in Figure 3 .
The effect of different types of driving waveforms (e.g., single trapezoidal shaped and bipolar pulse), waveform parameters (e.g., drive voltage, dwell time, rise time, fall time, etc.) and process parameters (e.g., the temperature of the head and the backpressure of the ink reservoir) were explored in detail, eventually leading to a robust, repeatable and precise printability of the inks.
The DMC 11610 cartridge has 16 nozzles that can fire all simultaneously or in single mode. To increase the accuracy of the inkjet printing deposition in DoD mode, a single nozzle was selected during the optimization procedure and it was tested separately after the optimization of the driving waveform using all nozzles. This nozzle was used to align and calibrate the print head to the MEA substrate through fiducial alignment which consists of three reference marks with a size of 250 µm and with a minimal tolerance of 93 µm.
Printing and characterization of the PFS modified MEA chips
PFS 5 ink was printed on MEA chips and unpatterned gold-coated wafer samples, the latter allowing investigation of the homogeneity, step height and roughness of the printed PFS films. The MEA chips, without the ring (see Figure S8 ), were cleaned with ethanol and dried in a stream of N2 before being printed with PFS-based inks. The printer was aligned with the MEA via "fiducial alignment" using three reference marks on the substrate and the pattern was designed and edited as BMP file. The three reference marks were chosen on the borders of the Au contact pads positioned at the corner of the MEA chip setting the "mark size" to 250 µm. The images were collected via the fiducial camera which was positioned on the side of the print-head close to the nozzles. Image analysis was conducted at constant focus and intensity of the coax and ring lights. The alignment was considered optimal when the score of the alignment was set at least 90 %. The PFS printed MEA biochips were rinsed with toluene, ethanol, and water, and dried in a stream of N2. Finally, the samples were annealed at room temperature in a vacuum oven overnight. The printed patterns were rinsed with toluene, ethanol, and water, and then dried in a stream of N2.
Following modification of the MEA with PFS 5 by inkjet printing, the quality of the printed pattern was evaluated by visual inspection through optical microscopy and laser confocal microscopy measurements as is shown in Figure S10 and Figure S11 , In order to characterize the nanoscale topology of the surfaces, the roughness and the thickness of the printed layers were measured by AFM, as shown in Figure S13 .
The thickness of the PFS films tethered on gold-coated surfaces was studied by scratching the polymer films with a Teflon tweezer and measuring the difference in the 
Classification based on the electrochemical properties of the PFS 5 printed MEAs
The PFS 5 modified MEs were classified based on the electrochemical properties of the grafted redox-active film, as shown in Figure S15 : a) PFS well-modified MEs are characterized by anodic and cathodic currents exceeding + 5 and −5 nA, respectively, transferred charge values for the oxidation and the reduction of ferrocene sites of at least 10 nC and the presence of electrocatalytic phenomena. For example, the well-modified ME 36 is shown in Figure S15a and S15d.
b)
PFS poorly-modified MEs are characterized by anodic and cathodic currents in the range between +5 and −5 nA, transferred charge values of 1 nC and no electrocatalytic phenomena for the oxidation of ascorbic acid. Figure S15b and S15e
show the redox properties of ME 54 as an example. c) Non-modified ME, for example ME 61, where no appreciable current signal and no electrocatalytic phenomena were detected, see Figure S15c and S15f. The electrocatalytic response of the modified electrodes was investigated by recording CVs of modified and bare gold electrodes of the MEA in 100 mM aqueous NaClO4 solution and in the presence of ascorbic acid with 50 mV s −1 scan rate, potential range between 500 and 800 mV, and using a Pt wire as a reference and counter electrode.
The chrono-amperograms were measured setting the potential at 300 mV (against Pt wire) in 2 mL of 100 mM aqueous NaClO4 solution. Small aliquots of the ascorbic acid aqueous solution were added each 100 sec to the sensing system and mixed while recording the current response. For the current, the equilibrium value was reached in 50 sec after each addition and the average of the current was used for the calibration curve.
Evaluation of the PFS-coated MEAs
The final evaluation of the PFS printed MEAs was carried out by a combination of visual inspection, chemical composition analysis, surface analysis, and electrochemical characterization of the functionalized MEAs.
Visual inspection of the printed MEA by optical microscopy confirmed a good accuracy of the inkjet printing process for deposition of "ink A", as shown in Figure S17a . All drops were deposited on the electrodes in the designed pattern with good accuracy (few tens of microns). (We note that the deposition accuracy may be improved by a revised formulation of the redox-active ink (more viscous), working in a well-controlled environment (no airflow) and inkjet printing at a lower distance between the print-head and the substrate.) Subsequently, the chemical composition was verified. Then, the electrochemical properties of the redox-active MEs were tested as well as their performance as sensing device in absence and in presence of ascorbic acid.
As summarized in Figure S17b , there were 34 (63%) well modified, 21 (39%) poorly modified and only 4 (8%) non-modified MEs. To further characterize the electroactive behavior of the redox-active films, we studied the scan rate dependence of the peak current as summarized in Figure S18 . This included the assessment of the process to show whether it was diffusion or adsorption controlled. Figure S18a shows the effect of the scan rate on the double-wave voltammogram. As the scan rate increases, the shape of the CVs becomes more distorted and the current intensity increases as described by the Faraday and RandlesSevcik equations. The values of the peak current as a function of the square root of the scan rate showed a linear relationship in the range of 10 -50 mV s −1 , as shown in the Figure S18b and Figure S18c , which is typical for diffusion-controlled processes obeying Fick's law. 7 Figure S18 : (a) CVs of the scan rate of a typical printed PFS film immobilized on gold at different scan rates. Scan rate in the range of 10 -50 mV s −1 , in 100 mM NaClO 4 , Pt(wire)-RE/CE, and potential range between −500 and 800 mV vs. Pt. (b) Plot of peak currents vs.
scan rate, and (c) plot of peak current vs. square root of the scan rate for these printed PFS films.
